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Îáúåìû èññëåäîâàíèÿ

� ÂÀÁ 1 óðîâíÿ, èíòåðôåéñ ìåæäó 1 è 2 
óðîâíÿìè 

� Èñòî÷íèêè ðàäèîàêòèâíûõ âûáðîñîâ
– àêòèâíàÿ çîíà

� Ýêñïëóàòàöèîííûå ñîñòîÿíèÿ ßÏÏÓ
– íîìèíàëüíàÿ ìîùíîñòü

� Èñõîäíûå ñîáûòèÿ àâàðèé (ÈÑÀ)
– âíóòðåííèå ÈÑÀ

� Ïåðèîä íàáëþäåíèÿ 

äëÿ ÞÓ ÀÝÑ: 1992 - 1997, 

äëÿ ÐÀÝÑ: 1990 -1997 

The scope of PRA:

� PRA Level 1, Level 1 to 2 interface

� Radioactivity source considered
– reactor core

� Plant operational mode analyzed
– full power

� Initiating events treated 
– internal events

� Observation time 

for SU NPP is 1992 - 1997, 

for RNPP is 1990 - 1997 

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè 1 óðîâíÿ (ÞÓÀÝÑ-1, ÐÀÝÑ-1)
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Còðóêòóðà äîêóìåíòàöèè (îò÷åòà) ïî ÂÀÁ

Îñíîâíîé îò÷åò

Áàçà äàííûõ ïî
íàäåæíîñòè îáîðóäîâàíèÿ

è îòêàçàì ïî îáùåé ïðè÷èíå

Áàçà äàííûõ ïî
ñèñòåìàì

Áàçà äàííûõ ïî
èíöèäåíòàì è íàðóøåíèÿì

Áàçà äàííûõ ïî
ßÏÏÓ

Áàçà äàííûõ ïî
êîíòàéíìåíòó

Áàçû Äàííûõ

Àíàëèç êðèòåðèåâ
óñïåõà ñèñòåì

Ðàñ÷åòíàÿ ìîäåëü ßÏÏÓ
RELAP5/MOD3.2

Òåïëîãèäðàâëè÷åñêèå
ðàñ÷åòû

Èäåíòèôèêàöèÿ è
ãðóïïèðîâàíèå ÈÑÀ

Àíàëèç íàäåæíîñòè
ïåðñîíàëà

Àíàëèç àâàðèéíûõ
ïîñëåäîâàòåëüíîñòåé

Àíàëèç ñèñòåì

Êîëè÷åñòâåííàÿ îöåíêà
Àíàëèç çíà÷èìîñòè è
íåîïðåäåëåííîñòè

Âåðîÿòíîñòíûé
àíàëèç

Ïðèëîæåíèÿ

Îò÷åò  ïî ÂÀÁ

Main report

Reliability Data Base

System
Description

Abnormal Events &
Incidents During Operation

NSSS Data Base

Containment Data Base

Data Base

Analysis of System
Success Criteria

RELAP5/MOD3.2
Model

Thermal hydraulic
calculations

IE Identification and
Grouping

Human Reliability
Analysis

Accident Sequence
Analysis

System Analysis

Quantification, Uncertainty
and Sensitivity Analysis

Probabilistic
model

Attachments

PRA report

PRA report structure

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè 1 óðîâíÿ (ÞÓÀÝÑ-1, ÐÀÝÑ-1)
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� Îñíîâíûå ðóêîâîäÿùèå äîêóìåíòû

– Ïðîöåäóðíûå ðóêîâîäñòâà ïî 
ïðîåêòó, ðàçðàáîòàííûå â
ñîîòâåòñòâèè ñ:

� Òðåáîâàíèÿìè ê ñîäåðæàíèþ îò÷åòà 
ïî áåçîïàñíîñòè äåéñòâóþùèõ â
Óêðàèíå ýíåðãîáëîêîâ ÀÝÑ ñ
ðåàêòîðàìè òèïà ÂÂÝÐ

� ðóêîâîäñòâàìè ÌÀÃÀÒÝ

� äîêóìåíòàìè Êîìèññèè ïî ÿäåðíîìó 
ðåãóëèðîâàíèþ ÑØÀ

� Îñíîâíûå ðàñ÷åòíûå ïðîãðàììû
– REVEAL 2.0, IRRAS 5.68   -

âåðîÿòíîñòíîå ìîäåëèðîâàíèå / ðàñ÷åòû

– RELAP 5/MOD3.2  - àíàëèç ïðîöåññîâ â 
ßÏÏÓ

– CONTAIN 1.12 - àíàëèç ïðîöåññîâ â ÃÎ 
(îãðàíè÷åííîå ïðèìåíåíèå)

� Regulations

– Procedural guidelines for the Project 
developed in accordance with: 

� Requirements to the substance of the 
report on the safety of VVER NPPs 
operating in Ukraine

� IAEA guidelines  

� US NRC documents

� Calculation codes
– REVEAL 2.0, IRRAS 5.68   - probabilistic 

modeling / calculations

– RELAP 5/MOD3.2  - NSSS processes 
analyses

– CONTAIN 1.12 - containment processes 

(limited implementation)

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè 1 óðîâíÿ (ÞÓÀÝÑ-1, ÐÀÝÑ-1)



Ïðîåêò îöåíêè áåçîïàñíîñòè ýíåðãîáëîêà ¹ 1 ÞÓ ÀÝÑ (SUSA):
Âåðîÿòíîñòíûé Àíàëèç Áåçîïàñíîñòè 1-ãî óðîâíÿ (ÂÀÁ)

SUNPP Unit 1 In-depth Safety Assessment Project (SUSA):

Probabilistic Safety Assessment Level 1
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� Êðàòêîå îïèñàíèå âåðîÿòíîñòíîé ìîäåëè
ÞÓ ÀÝÑ

– Ðàñ÷åòíûé êîä - IRRAS 5.68

– Îáùåå êîëè÷åñòâî ãðóïï ÈÑÀ - 16

– Îáùåå êîëè÷åñòâî ÀÏ ñ ÏÇ - 219

– Îáùåå êîëè÷åñòâî ñèñòåì - 47

– Îáùåå êîëè÷åñòâî ÄÎ - 371

– Îáùåå êîëè÷åñòâî 

ýëåìåíòîâ ìîäåëè - 2420

– Îáùåå êîëè÷åñòâî áàçîâûõ 

ñîáûòèé äåéñòâèé ïåðñîíàëà - 555

� Brief Description of SUNPP Probabilistic 
Model

– Calculation code - IRRAS 5.68

– Event trees total number - 16

– Core damage ASs total number - 219

– Systems total number - 47

– FT total number - 371

– Model component total number - 2420

– Total number of human action

basic events - 555

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)
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Ñïåöèôè÷åñêèå ìåòîäû 
ìîäåëèðîâàíèÿ

– Äàííûå ïî íàäåæíîñòè 
îáîðóäîâàíèÿ 

� Áàéåñîâñêàÿ îöåíêà

– Îòêàçû ïî îáùåé ïðè÷èíå

� MGL è B-ôàêòîðû

– Ìàëûå äåðåâüÿ ñîáûòèé -
áîëüøèå äåðåâüÿ îòêàçîâ

– Àíàëèç íàäåæíîñòè ïåðñîíàëà

� êîìáèíàöèÿ ìåòîäîâ TRC è THERP

Specific methods used

– Componemt reliability data 

� Bayesian updating

– Common cause failures

� MGL and B-factors

– Small event trees - large fault trees

– Human reliability analysis

� combination of TRC (time reliability 
correlation) and THERP (technique for 
human error rate prediction) methods

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)
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Ðåçóëüòàòû
� Ñóììàðíàÿ ×ÏÀÇ 1,5E-4. Ýòî áëèçêî ê 

òðåáîâàíèÿì Óêðàèíñêîãî ðåãóëèðóþùåãî 
îðãàíà è ðåêîìåíäóåìîìó ÌÀÃÀÒÝ
çíà÷åíèþ öåëåâîãî ïîêàçàòåëÿ – 1E-4 äëÿ
ñóùåñòâóþùèõ ÀÝÑ

� Êîíñåðâàòèâíûå ïîäõîäû, ïîâëèÿâøèå íà 
ðåçóëüòàòû:

– äëÿ ó÷åòà îòêàçîâ ïî îáùåé ïðè÷èíå 
èñïîëüçîâàëñÿ áåòà-ôàêòîð 0,1

– âðåìÿ äåéñòâèÿ áîëüøèíñòâà ñèñòåì 
ïðåäïîëàãàëîñü 24 ÷ (ó÷àñòèå 
íåêîòîðûõ ñèñòåì â
ïðåîäîëåíèè/ñìÿã÷åíèè àâàðèè â
äåéñòâèòåëüíîñòè ÿâëÿåòñÿ 
êðàòêîâðåìåííûì – îò ìèíóò äî 
íåñêîëüêèõ ÷àñîâ)

– êîíñåðâàòèâíàÿ ìåòîäèêà îöåíêè 
äåéñòâèé ïåðñîíàëà

ResuIts 
� Total CDF is 1.5E-4. This value is close to the 

Ukrainian requirements and to IAEA 
recommended value – 1E-4 for existing NPP

� The quantification results were considerably 
influenced by the conservative approaches 
used in this analysis as follows:

– use of beta-factor of 0.1 to common cause 
failures

– operation time duration for most of the 
systems was assumed  to be 24 hours 
(participation of some systems in accident 
elimination / mitigation in fact is short-term 
one – between minutes  and several hours) 

– conservative methodology of human action 

assessment

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)



� ×àñòîòà ïîâðåæäåíèÿ àêòèâíîé çîíû � Core damage frequency
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IE Conditional
CDF

IE
Frequency

Core
Damage

Frequency

Percent of
Total CDF

A - Large LOCAs (70 mm < DN) 6.6x10-2 3.0x10-4 2.0x10-5 13.05%
S1 - Medium LOCAs (50 mm < DN  70 mm) 4.2x10-3 1.3x10-4 5.2x10-7 0.35%
S2 - Small, Noncompensated LOCA (30 mm< DN  50
mm)

3.7x10-3 1.1x10-3 3.9x10-6 2.59%

S3 - Small Compensated LOCAs (14 mm < DN  30 mm) 1.3x10-3 3.0x10-3 3.8x10-6 2.54%
S4 - Small, Small Compensated LOCAs (DN  14 mm) 2.2x10-4 2.4x10-1 5.4x10-5 35.43%

 Total for LOCAs: 8.2x10-5 53.96%
T1 - Loss of Power Supply from all 6 kV House Loads
Bus Bars

1.6x10-3 1.0x10-2 1.6x10-5 10.36%

T2 - Complete Loss of Main Feed Water (Main
Feedwater Discharge Line Rupture)

8.4x10-4 5.0x10-3 4.2x10-6 2.79%

T31 - Transients Leading to Reactor Scram Actuation
(AZ)

9.0x10-6 1.3 1.2x10-5 7.91%

T32 - Loss of the Turbine Condenser Vacuum 7.8x10-5 1.2x10-1 9.5x10-6 6.25%
 Total for transients: 4.1x10-5 27.31%

T41 - Small LOCA from Primary to Secondary Side 2.0x10-4 4.6x10-2 9.0x10-6 5.93%
T42 - Medium LOCA from Primary to Secondary Side 8.0x10-3 2.0x10-3 1.6x10-5 10.61%
T5/T7 - SG Steam Line/Main Feedwater Line Rupture
inside the Containment

1.7x10-4 7.1x10-3 1.2x10-6 0.81%

T61 - Unisolatable Steam Line Rupture outside the
Containment between SG and FASIV

1.3x10-5 5.8x10-3 7.1x10-8 0.05%

T62 - Isolatable Steam Line Rupture outside the
Containment, including MSH Rupture

4.6x10-3 4.4x10-4 2.0x10-6 1.33%

V - Interfacing LOCA due to Leakage through the
Primary Make-Up/Let Down Lines

1.4x10-2 3.6x10-7 5.1x10-9 0.00%

 Total for special initiators: 2.8x10-5 18.73%

 Total: 1.5x10-4 100%

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)



Äîìèíàíòíûå âêëàä÷èêè â ×ÏÀÇ (ïî ÈÑÀ)

Dominant accident contributors to CDF by IE

T31 
7.92%

T32 
6.24%

T42 
10.62%

T41
5.93%

Other
10.43%

T1 
10.36%

A  
13.07%

S4 
35.44% S4 Small small LOCAs (Dn 14 mm) 

compensated by CVCS system 

A Large LOCAs

T42 Medium LOCA from primary to secondary 
side 

T1 Loss of power supply to all 6 kV house 
loads bus bars 

T31 Transients leading to reactor scram 
actuation 

T32 Loss of the turbine condenser vacuum 

T41 Small LOCA from primary to secondary side

T2 Complete loss of main feed water  (main 
feed water discharge line ruptures) 

S2 Small noncompensated LOCA (Dn<50 mm)

S3 Small LOCAs compensated by CVCS and 
ECCS systems 

T62 Isolatable steam line rupture outside the 
containment, including MSH rupture

T5&T7 SG steam line/main feed water line rupture 
inside the containment

S1 Medium LOCAs

T61 Unisolatable steam line rupture outside the 
containment, between SG and FASIV

V Interfacing LOCA due to leakage  through 
the primary make-up/let down lines 

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)

9
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� Äîìèíàíòíûå âêëàä÷èêè â ×ÏÀÇ

– Ïî äåéñòâèÿì ïåðñîíàëà

� Îòêàç äåéñòâèé ïåðñîíàëà ïî îðãàíèçàöèè 
ðàñõîëàæèâàíèÿ 

� Îòêàç äåéñòâèé ïåðñîíàëà íà÷àòü 
áîðèðîâàíèå 

� Îòêàç äåéñòâèé ïåðñîíàëà ïî èçîëÿöèè 
àâàðèéíîãî ÏÃ

– Ôàêòîðû, âëèÿþùèå íà ðåçóëüòàòû:

� àâàðèéíûå ïðîöåäóðû ÿâëÿþòñÿ ñîáûòèéíî-
îðèåíòèðîâàííûìè. Ðàçðàáîòêà è âíåäðåíèå 
ñèìïòîìíî-îðèåíòèðîâàííûõ ïðîöåäóð 
ïîçâîëèëî áû  ïîâûñèòü áåçîïàñíîñòü ÀÝÑ

� î÷åíü âûñîêèé óðîâåíü êîíñåðâàòèçìà 
ìåòîäèê îöåíêè íàäåæíîñòè äåéñòâèé 
ïåðñîíàëà.

� èñïîëüçîâàíèå îáîáùåííûõ äàííûõ.
Âíåäðåíèå ïîëíîìàñøòàáíîãî ñèìóëÿòîðà è 
ïðîâåäåíèå íà íåì òðåíèðîâîê ïîâûñèò 
íàäåæíîñòü ïåðñîíàëà. Èñïîëüçîâàíèå 
ñòàíöèîííûõ äàííûõ ïî íàäåæíîñòè 
ïåðñîíàëà ïîçâîëèò ïîëó÷èòü áîëåå 
ðåàëèñòè÷íûå îöåíêè âëèÿíèÿ
÷åëîâå÷åñêîãî ôàêòîðà íà ×ÏÀÇ.

� The CDF is dominated by

– In part of operator actions: 

� Operator failure to initiate cooldown

� Operator failure to initiate boration

� Operator failure to isolate the affected SG

– These results are determined by the 
following factors: 

� emergency procedures in force presently 
are event-oriented ones. Development and 
implementing of symptom-oriented 
procedures would allow to improve NPP 
safety sufficiently. 

� extremely high level of conservatism 
assumed in the used HRA methods. 

� using of generic data. Implementing of the 
full scope simulator and its use for operator 
training will increase human reliability. Use 
of the plant - specific data on HRA will 
enable to obtain more realistic assessments 
of human factor in the PRA model.

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)
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� Äîìèíàíòíûå âêëàä÷èêè â ×ÏÀÇ

– Ïî îáîðóäîâàíèþ

� ñèñòåìà ÑÀÎÇ ÍÄ è åå 
îáåñïå÷èâàþùèå ñèñòåìû

– Ýòî îáóñëîâëåíî ñëåäóþùèìè 
Ôàêòîðàìè:

� ïðèìåíåíèå òåïëîèçîëÿöèè,
êîòîðàÿ ïðè àâàðèÿõ ñ òå÷àìè 1 
êîíòóðà ìîæåò ðàçìåëü÷àòüñÿ è
çàñîðÿòü ñåòêè ïðèåìíîãî 
óñòðîéñòâà ïðèÿìêà

� íåâîçìîæíîñòü èñïîëüçîâàíèÿ 
ñèñòåìû ÑÀÎÇ ÂÄ ïðè íèçêèõ 
äàâëåíèÿõ (ìåíåå 40 áàð) è ïîäà÷è
âîäû â ïåðâûé êîíòóð îò ïðèÿìêà
ÃÎ

� The CDF is dominated by

– In part of hardware failures

� LPIS and its support systems

– It is stipulated by the following design 
deficiencies:

� Using of heat insulation that can be 
dispersed under  primary LOCA 
conditions and clogging sump filters

� Impossibility to use HPIS under low 
pressures (below 40 bar) and inject 
water into the primary  circuit from 
containment sump

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)
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� Âûâîäû è ðåêîìåíäàöèè
– Ìåðîïðèÿòèÿ, çíà÷èòåëüíî 

ïîâûøàþùèå áåçîïàñíîñòü áëîêà:

� ìîäåðíèçèðîâàòü êîíñòðóêöèþ ïðèåìíîãî 
óñòðîéñòâà ïðèÿìêà

� ìîäåðíèçèðîâàòü ñèñòåìó ÑÀÎÇ ÂÄ 

(îáåñïå÷èâ âîçìîæíîñòü ðàáîòû îò 

ïðèÿìêà è ïðè äàâëåíèè ìåíåå 40 áàð), 

÷òî ïîçâîëèò èñïîëüçîâàòü ýòó ñèñòåìó

äëÿ ïîäïèòêè è îòâîäà îñòàòî÷íûõ 

òåïëîâûäåëåíèé ïðè íèçêèõ äàâëåíèÿõ, à

òàêæå îðãàíèçàöèè ðåæèìà feåd and bleed 

ïðè âûñîêèõ ïàðàìåòðàõ ïåðâîãî êîíòóðà;

� ðàçðàáîòêà è âíåäðåíèå ñèìòîìíî-
îðèåíòèðîâàííûõ àâðèéíûõ èíñòðóêöèé

� ïðåäóñìîòðåòü è âíåñòè â ÈËÀ

ìåðîïðèÿòèÿ ïî îáåñïå÷åíèþ 

äîëãîâðåìåííîãî îòâîäà òåïëà 

îñòàòî÷íûõ òåïëîâûäåëåíèé ïðè íèçêèõ 

ïàðàìåòðàõ ÐÓ âòîðûì êîíòóðîì

(îðãàíèçàöèÿ ïîäïèòêè áàêîâ ÁÀÇÎÂ)

� Conclusions
– It is possible to improve the unit safety 

sufficiently by the following measures 
undertaking:

� To change heat insulation type and to 
upgrade structure of sump filters

� To upgrade HPIS  and envisage using of 
this system for makeup and removal of 
residual heat under low pressures 
condition as well as envisage a possibility 
to use feed and bleed  mode under the 
high primary parameters 

� To develop and implement symptom-
oriented EOP  

� To envisage and introduce into EOP the 
measures to provide for long-term 
removal of residual heat by the 
secondary side under low parameters of 
RF (arrangement of BAZOV tanks 
makeup).

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)
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� Âûâîäû è ðåêîìåíäàöèè
(ïðîäîëæåíèå)

– Â ïðîöåññå àíàëèçà âûÿâëåíû 
ñëåäóþùèå íåäîñòàòêè ïðîåêòà

� Ñâÿçü ñèñòåì áåçîïàñíîñòè ñ
îáåñïå÷èâàþùèìè ñèñòåìàìè íîðìàëüíîé 
ýêñïëóàòàöèè, êîòîðûå íåçàïèòàíû îò 
íàäåæíîãî ýëåêòðîñíàáæåíèÿ (ïðèìåð, 
ñèñòåìà ñûðîé âîäû, èñïîëüçóåìàÿ äëÿ
îõëàæäåíèÿ ñèñòåìû êîíäèöèîíèðîâàíèÿ,
êîòîðàÿ îõëàæäàåò ÙÏÒ ñèñòåì 
áåçîïàñíîñòè). Â íàñòîÿùåå âðåìÿ ýòî óæå 
óñòðàíåíî.

� Çàâèñèìîñòü âñåõ 3-õ êàíàëîâ ÑÁ îò îäíîãî 
êàíàëà îáåñïå÷èâàþùèõ ñèñòåì.Íàïðèìåð

• ýëåêòðîñíàáæåíèå öåïåé óïðàâëåíèÿ çàäâèæåê íà 
íàïîðå âñåõ òðåõ êàíàëîâ ÀÏÝÍ îñóùåñòâëÿåòñÿ îò 
îäíîé ïàíåëè EN02;

• ðåãóëÿòîðû íà ëèíèè ïëàíîâîãî ðàñõîëàæèâàíèÿ ÑÀÎÇ 
ÍÄ èìåþò çàïèòêó îò íîðìàëüíîãî ýëåêòðîñíàáæåíèÿ è 
ïðè îáåñòî÷åíèè äèñòàíöèîííîå óïðàâëåíèå áóäåò 
ïîòåðÿíî 

Ðåàëèçàöèÿ ìåðîïðèÿòèé ïî 
óñòðàíåíèþ óêàçàííûõ íåäîñòàòêîâ 
ìîæåò ïîâûñèòü áåçîïàñíîñòü áåç 
ñóùåñòâåííûõ ôèíàíñîâûõ è
ìàòåðèàëüíûõ çàòðàò

� Conclusions (cont.)

– The following design features are 
disclosed in this analysis:

� Dependencies between safety systems and 
normal operation support systems, which 
are not power supplied from EPS source (for 
example, non-treated water system used for 
cooling of conditioning system that, in turn, 
cools safety systems DC bus inverters). 
Actually, it is corrected. 

� For some safety systems the principle of 
redundancy is violated, i.e., front-line 
systems have dependencies resulting in their 
failure to operate from the normal power 
supply system. For example,

• the control of gate valves at discharge of the all three 
trains of EFW is lost under short circuit of EN02
busbar;

• during LOSP and operation of LPIS at planned 
cooldown line it is possible to provide primary 
cooldown local control only manually, since cooldown 
controllers are energized from the busbars of normal 
power supply

Implementing of these potential plant 
enhancements to remove the named 
deficiencies can improve safety without 
sufficient material and financial 
expenses

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)
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� Ïî ïðåäëîæåíèþ Óêðàèíñêîãî ðåãóëèðóþùåãî 
îðãàíà, â àïðåëå 2000 ã. ñîñòîÿëàñü ìèññèÿ 
ÌÀÃÀÒÝ ïî ïðîâåäåíèþ ýêñïåðòèçû ÂÀÁ
(IPSART)

� Ñëåäóþùèå îáëàñòè ÂÀÁ áûëè ðàññìîòðåíû:

– Öåëè, çàäà÷è è îðãàíèçàöèÿ ÂÀÁ, ìåòîäîëîãè÷åñêèå 
îñíîâû

– Îïèñàíèå ïðîåêòà è ýêñïëóàòàöèè ýíåðãîáëîêà

– Äîêóìåíòèðîâàíèå è ïðîöåäóðû îáåñïå÷åíèÿ êà÷åñòâà 

– Àíàëèçû äàííûõ

– Îïðåäåëåíèå ÈÑÀ

– Òåðìîãèäðàâëè÷åñêèå ðàñ÷åòû

– Ñèñòåìíûé àíàëèç

– Àíàëèç àâàðèéíûõ ïîñëåäîâàòåëüíîñòåé

– Àíàëèç íàäåæíîñòè ïåðñîíàëà

– Çàâèñèìûå îòêàçû è îòêàçû ïî îáùåé ïðè÷èíå

– Èíòåãðàöèÿ âåðîÿòíîñòíîé ìîäåëè è êîëè÷åñòâåííûå 
ðàñ÷åòû

– Èíòåðïðåòàöèÿ ðåçóëüòàòîâ, àíàëèçû çíà÷èìîñòè è
íåîïðåäåëåííîñòè

� On request of the Ukrainian Regulatory Body in 
April 2000 IAEA conducted IPSART mission to 
peer review the results of Level 1 PRA for SUNPP 
Unit 1

� The following specific fields of the Level 1 PRA 
were reviewed:

– The scope and objectives of the Level 1 PRA, PRA 
procedures and organisation

– WWER 1000 plants specific design and operational 
features

– Quality Assurance, Documentation

– Data analysis

– Initiating event definition

– Thermal-hydraulic analysis

– System analysis

– Sequence analysis

– Human reliability analysis

– Dependent and Common cause failure analysis

– Model integration and quantification

– Results interpretation, sensitivity and uncertainty analysis

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)
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� Êëþ÷åâûå ïîçèòèâíûå àïåêòû

– Îáøèðíîå èñïîëüçîâàíèå äëÿ öåëåé ÂÀÁ 
òåðìîãèäðàâëè÷åñêèõ ðàñ÷åòîâ, ñïåöèôè÷íûõ 
äëÿ ýíåðãîáëîêà ÞÓ ÀÝÑ-1

– Óðîâåíü ïðîãðàììû êà÷åñòâà, èñïîëüçîâàííîé 
äëÿ ïðîåêòà ÂÀÁ

– Óðîâåíü èñïîëüçîâàíèÿ ñòàíöèîííûõ äàííûõ 
ïî íàäåæíîñòè îáîðóäîâàíèÿ.  Çíà÷èòåëüíûå 
óñèëèÿ áûëè ïîòðà÷åíû íà îïðåäåëåíèå 
èíòåíñèâíîñòåé îòêàçîâ, ñïåöèôè÷íûõ äëÿ 
ðàññìàòðèâàåìîãî ýíåðãîáëîêà

– Áàéåñîâñêèé ìåòîä êîìáèíèðîâàíèÿ 
îáîáùåííûõ è ñòàíöèîííûõ äàííûõ 
ñîîòâåòñòâóåò ñòàíäàðòíîé ìåòîäîëîãèè 
ÌÀÃÀÒÝ. Ìåòîäû è ïîäõîäû îáåñïå÷èâàþò 
ðåàëèñòè÷íîñòü èñïîëüçóåìûõ äàííûõ. 
Äåòàëüíîå äîêóìåíòèðîâàíèå óäîáíî äëÿ 
áóäóùèõ ïîëüçîâàòåëåé ÂÀÁ.

� The key positive aspects found by the 
IPSART

– Extensive use of plant specific RELAP5/MOD 3.2 
analyses to support the PRA activities.

– Establishment and implementation of an 
adequate QA program.

– Appropriate use of plant specific data. 
Considerable efforts were spent on identifying 
plant specific failure rates. 

– Bayesian techniques used for combining plant 
specific experience and generic data is in line 
with standard PRA methodology. The methods 
and approaches used are very comprehensive 
and help ensure realistic reliability data is used. 
Comprehensive data documentation helps future 
users of the PSA.

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)
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� Îñíîâíûå ðåêîìåíäàöèè ìèññèè IPSART 
– Áûë ñôîðìóëèðîâàí ðÿä ðåêîìåíäàöèé ðàçëè÷íîãî 

óðîâíÿ ïðèîðèòåòíîñòè: 

� Âûñîêàÿ - 1

� Ñðåäíÿÿ - 10

� Íèçêàÿ - 16 

– Ïðîñòðàíñòâåííûå ýôôåêòû, ñîïðîâîæäàþùèå ðàçðûâû 
ïàðîïðîâîäîâ çà ïðåäåëàìè ÃÎ èìåþò çíà÷èòåëüíûå 
ïîñëåäñòâèÿ. Àíàëèç òàêèõ ýôôåêòîâ íå âîøåë ñ ñîñòàâ 
Ôàçû I ïðîåêòà ÂÀÁ. Ýòî áóäåò âûïîëíåíî â ðàìêàõ 
Àíàëèçà âíóòðåííèõ ýêñòðåìàëüíûõ âîçäåéñòâèé.

– Ðåêîìåíäóåòñÿ äîïîëíèòåëüíî ïðîàíàëèçèðîâàòü 
çàâèñèìîñòè ìåæäó äåéñòâèÿìè ïåðñîíàëà.

– Ðåêîìåíäóåòñÿ ìîäåëèðîâàòü íåãîòîâíîñòü 
îáîðóäîâàíèÿ âñëåäñòâèè îáñëóæèâàíèÿ â áîëåå 
ïîñëåäîâàòåëüíîé ìàíåðå.

– Ðåêîìåíäóåòñÿ áîëåå ñèñòåìàòè÷åñêèì ïóòåì 
àíàëèçèðîâàòü äî-àâàðèéíûå äåéñòâèÿ ïåðñîíàëà ïî 
ðåìîíòó, îáñëóæèâàíèþ èëè íàñòðîéêå îáîðóäîâàíèÿ.

– Ðåêîìåíäóåòñÿ äîïîëíèòü ïåðå÷åíü ÈÑÀ ñîáûòèÿìè ñ 
ïîòåðåé äâóõ è òðåõ êàíàëîâ òåõâîäû îòâåòñâåííûõ 
ïîòðåáèòåëåé.

– Ñ öåëüþ ýôôåêòèâíîãî èñïîëüçîâàíèÿ ðåçóëüòàòîâ ÂÀÁ 
â ïîâûøåíèè áåçîïàñíîñòè ýíåðãîáëîêà, äàííûé ÂÀÁ 
ìîæåò áûòü èñïîëüçîâàí â êà÷åñòâå áàçû äëÿ áóäóùåãî 
Òåêóùåãî ÂÀÁ.

� The main IPSART recommendations
– number of recommendations with different levels of priority 

was issued . 

� High - 1

� Medium - 10

� Low - 16 

– Consequential Effects of Steam Lines ruptures outside 
containment is recognized as highly important. This 
analysis will be one of the goals for  Phase II PRA Program 
(Internal Hazard Analysis).

– It is recommended to check human actions modeling to 
take into account dependent human actions.

– The review team recommends unavailability due to 
maintenance to be included in the PRA model in a more 
consistent manner.

– Pre-initiator human actions associated with the repair, 
maintenance or calibration is also recommended to be 
included in the study in a systematic way for all systems.

– It is recommended to extend IE list to consider Loss of 2 
and Loss of all 3 service water trains as a two separate 
events.

– In order to continue to use PRA insights in the 
enhancement and understanding of plant safety, this PRA 

should be used as a basis for future Living PRA.

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÞÓÀÝÑ-1 (SUSA Project PRA)
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Îñîáåííîñòè ðàñ÷åòíîãî êîäà 
REVEAL_W:

� Äîñòàòî÷íûå àíàëèòè÷åñêèå âîçìîæíîñòè 
äëÿ ïîääåðæêè óïðàâëåíèÿ êîíôèãóðàöèÿìè 
ñèñòåì íà îñíîâå ðèñêà.

� Âûñîêàÿ ñòåïåíü ìîäóëÿðèçàöèè:
– îáëåã÷àåò ðàáîòó ñ âåðîÿòíîñòíîé ìîäåëüþ 

ýíåðãîáëîêà

– óïðîùàåò ìîäèôèêàöèþ ëîãèêè ìîäåëè

� Â èåðàðõè÷åñêîì âèäå ïîêàçûâàåò 
âçàèìîñâÿçè ñèñòåì

� Âîçìîæíîñòè â ÿâíîì âèäå 
äåìîíñòðèðîâàòü âëèÿíèå îòêàçîâ 
îáîðóäîâàíèÿ íà îáùóþ ëîãèêó ìîäåëè:

– óïðîùàåò àíàëèç âëèÿíèÿ ìíîæåñòâåííûõ 
îòêàçîâ îáîðóäîâàíèÿ

� Ëîãèêà óñïåõà
– ñîâìåñòèìà ñî ñòàíöèîííîé äîêóìåíòàöèåé, ñ 

ïðîåêòíîé è ýêñïëóàòàöèîííîé ïðàêòèêîé

� Óäîáíà äëÿ èçó÷åíèÿ ïåðñîíàëîì 
ýíåðãîáëîêà

The features of REVEAL_W:

� The adequate analytical capability of 
REVEAL_W to support risk-based configuration 
control in real time.

� It is highly modularized:
– Facilitates navigating in the entire plant logic 

model

– Facilitates modifying the logic

� It is transparent and displays systems 
interactions in a hierarchical fashion

� Able to propagate the effect of equipment 
losses in the entire logic:

– Facilitates multiple equipment out-of-service 
analyses

� It is success-logic-oriented
– Compatible with design and operating practices, 

plant documentation

� It is easy learning for operating staff

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)
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Êîíöåïöèÿ îñíîâíîé ëîãè÷åñêîé 
äèàãðàììû ýíåðãîáëîêà (MPLD)

� REVEAL_W èñïîëüçóåò êîíöåïöèþ MPLD, 
ïðèìåíÿåìóþ â êà÷åòñòâå îñíîâû äëÿ ÂÀÁ â 
ÑØÀ. 

� MPLD ïîêàçûâàåò ôèçè÷åñêèå 
ìåæñèñòåìíûå çàâèñèìîñòè â êîìïàêòíîì è 
ëîãè÷åñêîì âèäå .

� Ïðåèìóùåñòâî:
– âîçìîæíîñòü îòñëåæèâàòü ïðèðîäó 

ìåæñèñòåìíûõ çàâèñèìîñòåé

� Ðàçðàáîòêà êîìïëåêñíîé ëîãè÷åñêîé ìîäåëè 
ïîçâîëÿåò ïîëó÷èòü ñëåäóþùèå âûãîäû:

– ÿñíîñòü

– ïðîñòîòà

– êîìïàêòíîñòü

Master plant logic diagram (MPLD) 
concept

� REVEALTM uses the MPLD concept is being 
applied in the US as a framework for 
conducting PRAs. 

� MPLD depicts, in a single graph, all of the 
physical interrelationships between various 
plant systems and subsystems in a compact 
and logical form, displaying interrelationships 
down to the subsystem level (e.g. train level).

� The advantage:
– the ability to communicate the nature of 

interrelationships between subsystems

� The key benefits in developing a complex logic 
model:

– transparency

– simplicity

– compactness

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)
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� Êðàòêîå îïèñàíèå âåðîÿòíîñòíîé 
ìîäåëè ÐÀÝÑ

– Ðàñ÷åòíûé êîä - REVEAL_W 2.0

– Îáùåå êîëè÷åñòâî ãðóïï ÈÑÀ - 18

– Îáùåå êîëè÷åñòâî ÀÏ ñ ÏÇ - 499

– Îáùåå êîëè÷åñòâî áàçîâûõ

ýëåìåíòîâ ìîäåëè - 2848

� Áîëåå 200 òåðìîãèäðàâëè÷åñêèõ 
ðàñ÷åòîâ áûëî âûïîëíåíî äëÿ àíàëèçà 
àâàðèéíûõ ïîñëåäîâàòåëüíîñòåé è 
êðèòåðèåâ óñïåõà

� Brief Description of RNPP Probabilistic 
Model

Code - REVEAL

Total number of the incorporated IEs - 18

Total number of the modeled ASs with CD - 499

Total number of the Basic Events - 2848

� More than 200 thermal-hydraulic 
calculations were performed to support 
accident sequence modeling and success 
criteria analysis

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)
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Ñïåöèôè÷åñêèå ìåòîäû 
ìîäåëèðîâàíèÿ

– Ëîãèêà óñïåõà

– Äàííûå ïî íàäåæíîñòè 
îáîðóäîâàíèÿ 

� Áàéåñîâñêàÿ îöåíêà

– Îòêàçû ïî îáùåé ïðè÷èíå

� MGL è B-ôàêòîðû

– Ìàëûå äåðåâüÿ ñîáûòèé -
áîëüøèå äåðåâüÿ óñïåõîâ

– Àíàëèç íàäåæíîñòè ïåðñîíàëà

� êîìáèíàöèÿ ìåòîäîâ TRC è THERP

Specific methods used

– Success  Logic

– Component reliability data 

� Bayesian updating

– Common cause failures

� MGL and B-factors

– Small event trees - large success 
trees

– Human reliability analysis

� combination of TRC (time reliability 
correlation) and THERP (technique for 
human error rate prediction) methods

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)
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Ïðåäâàðèòåëüíûå ðåçóëüòàòû
� Ñóììàðíàÿ ×ÏÀÇ 8.41E-4.

� Ðàñ÷åòû âûÿâèëè ðÿä íåäîñòàòêîâ ïðîåêòà, 
ñóùåñòâóþùèõ àâàðèéíûõ ïðîöåäóð è ò.ï., 
ñóùåñòâåííî âëèÿþùèõ íà ×ÏÀÇ

– Ïîòåðÿ ÁÇÊ âåäåò ê îòêàçó âñåõ ÀÏÝÍ è 
ÄÀÏÝÍ

– Âîçìîæíîñòü çàñîðåíèÿ áàêîâ-
ïðèÿìêîâ ÃÎ èçîëÿöèåé

– Âîçìîæíîñòü çàâèñèìîãî îòêàçà ñèñòåì 
ÑÀÎÇ (äëÿ íåêîòîðûõ òå÷åé 1 êîíòóðà) â 
ðåçóëüòàòå çàáîðà âîäû èç áàêà-
ïðèÿìêà íàñîñàìè ÑÀÎÇ ÍÄ è 
ïåðåêà÷êè åå â áàê ÑÀÎÇ

– Ïðîáëåìà èñêóññòâåííîãî îáåñòî÷åíèÿ

– Íåäîñòàòî÷íîå ðàçäåëåíèå ïî 
ýëåêòðîñíàáæåíèþ (âñå ÁÐÓ-Ê è îäèí 
ÁÐÓ-À çàïèòàíû îò îäíîãî êàíàëà 
íàäåæíîãî ýëåêòðîñíàáæåíèÿ) 

Preliminary ResuIts
� Total CDF is 8.41E-4

� The following weak points significantly 
affected the CDF were revealed

– Loss of one EFW tank lead to failure of 
emergency and auxiliary feedwater systems

– Confinement sump clogging with insulation

– Causal loss of ECCS systems (for some 
LOCAs) due to pumping water by LPIS tank 
from the confinement sump to LPIS tank

– Artificial blackout

– Violation of the redundancy principle (all 
BRU-K and one BRU-K are powered from 
one essential power supply train)

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)
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� Âîññòàíîâèòåëüíûå äåéñòâèÿ

Áûëè ïðîàíàëèçèðîâàíû è 
îáîñíîâàíû âîçìîæíîñòè ïðèìåíåíèÿ 
ñëåäóþùèõ âîññòàíîâèòåëüíûõ 
äåéñòâèé:

– Feed & bleed äëÿ ÀÏ ñ ïîòåðåé ôóíêöèè 
îòâîäà òåïëà ïî 2 êîíòóðó

– Óïðàâëåíèå äàâëåíèåì 1 êîíòóðà 
ïîñðåäñòâîì áàéïàñà ÏÊ ÊÎ

– Äóáëèðîâàíèå ôóíêöèè îòâîäà 
îñòàòî÷íûõ òåïëîâûäåëåíèé ïðè íèçêèõ 
ïàðàìåòðàõ

– Ïåðåâîä ýíåðãîáëîêà â áåçîïàñíîå 
êîíå÷íîå ñîñòîÿíèå ïðè íèçêèõ 
ïàðàìåòðàõ ïðè îòðûâå êðûøêè 
êîëëåêòîðà ÏÃ è íåâîçìîæíîñòè 
èçîëÿöèè òå÷è

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)

� Recovery actions

The following recovery actions were 
analyzed and substantiated:

– Feed & bleed for accident sequences 
involving loss of secondary heat removal 
function

– Primary pressure control by opening of
PORV bypass

– Redundancy for decay heat removal 
function at low parameters

– Bring the unit to safe state at low 
parameters in the case of SG manifold 
rupture with failure of the leak isolation



Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)
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� ×àñòîòà ïîâðåæäåíèÿ àêòèâíîé çîíû � Core damage frequency

IE
Frequency

Conditional
Probability
without RF

CDF without
RF

% Conditional
Probability

with RF

CDF with RF %

A1 - Very Large LOCA 8.79E-06 1.39E-02 1.22E-07 0.0% 1.39E-02 1.22E-07 0.2%

A2 - Large LOCA 1.26E-04 1.49E-02 1.87E-06 0.2% 1.49E-02 1.87E-06 2.2%
S1 - Medium LOCA (Dn 70-110 mm) 2.82E-04 9.60E-04 2.71E-07 0.0% 9.60E-04 2.71E-07 0.3%
S2 - Medium LOCA (Dn 20-70 mm) 3.14E-03 7.57E-02 2.38E-04 23.1% 1.19E-03 3.73E-06 4.4%
S3 - Small LOCA 3.16E-03 1.41E-03 4.46E-06 0.4% 1.41E-03 4.46E-06 5.3%
S4 - Very small LOCA 2.59E-01 1.15E-03 2.98E-04 28.9% 1.90E-05 4.93E-06 5.9%

Total for LOCAs: 5.43E-04 52.7% 3.24E-02 1.54E-05 18.3%
T1 - Loss of power supply for all 6 kV
busbars

3.04E-02 1.51E-03 4.59E-05 4.5% 2.42E-04 7.37E-06 8.8%

T2 - Feedwater line rupture outside
confinement

1.30E-03 1.19E-02 1.55E-05 1.5% 2.70E-03 3.50E-06 4.2%

T3-1 - Transients leading to scram 1.40E+00 7.78E-05 1.09E-04 10.6% 1.90E-06 2.67E-06 3.2%
T3-2 - SG RV stuck open 7.07E-02 2.95E-03 1.53E-04 14.9% 8.73E-05 6.17E-06 7.3%
T3-3 - Inadvertent closing of FASIV 3.40E-02 1.61E-05 5.46E-07 0.1% 1.61E-05 5.46E-07 0.7%

Total for transients: 3.24E-04 31.4% 3.04E-03 2.03E-05 24.1%
T4-1 - Medium LOCA from primary to
secondary

5.00E-03 1.10E-02 5.51E-05 5.4% 6.96E-03 3.48E-05 41.4%

T4-2 - Small LOCA from primary to
secondary

4.45E-02 2.36E-03 1.05E-04 10.2% 2.25E-04 1.00E-05 11.9%

T5 - Main steam line rupture inside
confinement

7.10E-03 2.27E-04 1.61E-06 0.2% 2.27E-04 1.61E-06 1.9%

T6 - Main steam line rupture outside
confinement

8.31E-03 2.23E-04 1.85E-06 0.2% 2.23E-04 1.85E-06 2.2%

T7 - Feedwater line rupture inside
containment

1.23E-03 1.52E-04 1.87E-07 0.0% 1.52E-04 1.87E-07 0.2%

T8 - Loss of Essential Service Water
System

1.67E-06 3.73E-04 6.24E-10 0.00% 3.73E-04 6.24E-10 0.00%

V - Interfacing-system LOCA 3.56E-07 2.71E-03 9.65E-10 0.00% 2.71E-03 9.65E-10 0.00%

Total for special initiators: 1.64E-04 15.9% 1.09E-02 4.85E-05 57.61%

Total: 1.03E-03 100.00% 8.41E-05 100.00%
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Äîìèíàíòíûå âêëàä÷èêè â ×ÏÀÇ (ïî ÈÑÀ)

Dominant accident contributors to CDF by IE

S4
5.86%T42

11.89%

T2
4.16%

S3
5.30%

Other
15.33%

T32
7.33%

T1
8.76%

T41
41.36% T4-1 Medium LOCA from primary to secondary

T1 Loss of power supply for all 6 kV busbars
T2 Feedwater line rupture outside confinement
T3-2 SG RV stuck open 
S4 Very small LOCA 
T4-2 Small LOCA from primary to secondary
S2 Medium LOCA (Dn 20-70 mm)
S3 Small LOCA 
T3-1 Transients leading to scram
A2 Large LOCA 
T6 Main steam line rupture outside 

confinement
T5 Main steam line rupture inside confinement
T3-3 Inadvertent closing of FASIV 
S1 Medium LOCA (Dn 70-110 mm)
A1 Very Large LOCA 
T7 Feedwater line rupture inside containment
T8 Loss of Essential Service Water System
V Interfacing-system LOCA
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EOI Implications from the Preliminary Insights

� Òå÷ü áàêà çàïàñà êîíäåíñàòà
– Áàêè ÁÇÊ âçàèìîñâÿçàíû. Òå÷ü ëþáîãî 

áàêà âåäåò ê ïîòåðå çàïàñà âîäû âñåé 
ñèñòåìû

– Îïåðàòîð äîëæåí ñëåäèòü çà óðîâíÿìè 
â ÁÇÊ è â ñëó÷àå òå÷è ïðåäïðèíÿòü 
äåéñòâèÿ ïî èçîëÿöèè

� Çàñîðåíèå áàêîâ-ïðèÿìêîâ ÃÎ
– Ïðè âîçíèêíîâåíèè òå÷åé 1 êîíòóðà 

ñóùåñòâóåò âîçìîæíîñòü çàñîðåíèÿ 
âñåõ áàêîâ-ïðèÿìêîâ ÃÎ îáëîìêàìè 
òåïëîèçîëÿöèè

– Îïåðàòîð ìîæåò óïðàâëÿòü êàíàëàìè 
ÑÀÎÇ ñ öåëüþ óâåëè÷åíèÿ îáùåãî 
âðåìåíè ðàáîòû ñèñòåìû ÑÀÎÇ

� Feedwater tank rupture
– The both emergency feedwater tanks are 

connected. A severe leak or rupture of 
either tank would cause both tanks to lose 
inventory

– Operators could monitor the tank levels 
and isolate the connecting line between 
the tanks in case of rupture 

� Sump clogging
– During relatively large LOCAs confinement 

insulation will enter the sump. This could 
ultimately clog the ECCS pump intakes, 
resulting in a causal failure of all trains

– Operators could stagger ECCS train 
operation, shutting down two of the three 
trains. This could increase the total ECCS 
operation time

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)
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EOI Implications from the Preliminary Insights

� Çàâèñèìûé îòêàç íàñîñîâ ÑÀÎÇ
– Äëÿ ìàëûõ òå÷åé 1 êîíòóðà äàâëåíèå 

ñòàáèëèçèðóåòñÿ íà óðîâíå, âûøå äàâëåíèÿ 
ðàáîòû ÑÀÎÇ ÍÄ íà 1 êîíòóð

Â ïåðâîíà÷àëüíûé ìîìåíò àâàðèè, ÑÀÎÇ ÂÄ è 
ÍÑ áóäóò èñïîëüçîâàòü âîäó èç áàêà ÑÀÎÇ ÂÄ, 
ïîñëå ÷åãî âñå íàñîñû áóäóò ðàáîòàòü îò 
áàêà-ïðèÿìêà ÃÎ. Ðàáîòà ÑÀÎÇ ÍÄ ïî ëèíèè 
ðåöèðêóëÿöèè ïðèâîäèò ê:: 

� îñóøåíèþ áàêà-ïðèÿìêà ÃÎ âñëåäñòâèè 
çàïîëíåíèÿ áàêà ÑÀÎÇ ÍÄ; èëè 

� ïåðåïîëíåíèþ áàêà ÑÀÎÇ ÍÄ ñ ïîñëåäóþùèì 
çàòîïëåíèåì ïîìåùåíèé ÑÀÎÇ.

Ýòî ìîæåò âåñòè ê îòêàçó ñèñòåì 
áåçîïàñíîñòè âñëåäñòâèè êàâèòàöèè èëè ïî 
ïðè÷èíå çàòîïëåíèÿ ïîìåùåíèé ÑÀÎÇ.

– â ÈËÀ äîëæíû áûòü îïèñàíû äåéñòâèÿ 
ïåðñîíàëà ïî ïðåäîòâðàùåíèþ çàáîðà 
âîäû èç ïðèÿìêà è çàïîëíåíèÿ áàêà 
ÑÀÎÇ ÍÄ

� ECCS pump causal loss
– During small LOCAs the primary pressure 

remains above the LPIS discharge head for 
considerable time. However, once a LOCA 
condition is detected the plant protection system 
actuates all three ECCS trains. 

Initially, the HPIS and CSS will draw water from 
storage tanks. When the tank inventory is 
depleted all three systems (HPIS, LPIS, and CSS) 
will have their suction diverted to the 
confinement sump. If the LPIS is still operating in 
a recirculation mode that bypasses the reactor, it 
will either: 

� pump the sump dry by transferring its inventory back 
to the storage tanks; or 

� overfill the tanks, resulting in flooding of the ECCS 
pump compartments.

If the sump goes dry, the ECCS pumps will fail 
due to cavitation. If the tanks are overfilled the 
resultant flooding is likely to fail the ECCS 
pumps. In either situation, the result will be core 
damage.

– New EOPs have to prescribe actions 
preventing LPIS from injecting 
containment sump water to ECCS tank

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)
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EOI Implications from the Preliminary Insights

� Feed and bleed
– Ïîòåðÿ ôóíêöèè îòâîäà òåïëà ïî 2 

êîíòóðó (îòêàç ñèñòåì ïèòàòåëüíîé 
âîäû)

– Â ñîîòâåòñòâèè ñ ò/ã ðàñ÷åòàìè, 
âîçìîæíà ðåàëèçàöèÿ ðåæèìà 
feed&bleed ðàçëè÷íûìè ñïîñîáàìè:

� ïîäà÷à âîäû âûïîëíÿåòñÿ íàñîñàìè ÑÀÎÇ 
ÂÄ èëè ñèñòåìû ïðîäóâêè-ïîäïèòêè 1 
êîíòóðà

� ñáðîñ ìîæåò áûòü âûïîëíåí ëþáûì èç 
ñïîñîáîâ

– áàéïàñ ÏÊ ÊÎ; èëè

– ëèíèÿ âûâîäà òåïëîíîñèòåëÿ

� Âîññòàíîâëåíèå ýëåêòðîñíàáæåíèÿ
– Ñðàáàòûâàíèå çàùèò ÑÀÎÇ âåäåò ê 

“èñêóññòâåííîìó îáåñòî÷åíèþ”

– “Èñêóññòâåííîå îáåñòî÷åíèå” - íåãàòèâíûé 
àñïåêò ïðîåêòà. Îïåðàòîð äîëæåí 
âîññòàíîâèòü ýëåêòðîñíàáæåíèå îò ñåòè ñ 
öåëüþ óìåíüøåíèÿ âðåìåíè çàâèñèìîñòè 
ýíåðãîáëîêà îò ÄÃ

� Feed and bleed
– Loss of secondary heat removal (feed 

water failure)

– RELAP calculations indicate the following 
feed and bleed options are available at 
RNPP Unit 1:

� Either HPIS or CVCS pumps can accomplish 
the feed.  

� The bleed can be performed by any of the 
following paths:

– PORV bypass on the pressurizer; or 

– CVCS letdown line.

� Power restoration
– ECCS actuation automatically isolates the 

plant from the grid, resulting in complete 
dependence on emergency power

– “artificial blackout” is negative design feature. 
Operators could restore a connection to the 
grid to minimize the time the plant is 
dependent on emergency power. 

Âåðîÿòíîñòíûé àíàëèç áåçîïàñíîñòè ÐÀÝÑ-1 (RIVISA Project PRA)
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EOI Implications from the Preliminary Insights

� Òå÷ü èç 1 âî 2 êîíòóð
– Äëÿ òå÷åé èç 1 âî 2 êîíòóð âàæíûì 

ÿâëÿåòñÿ îãðàíè÷åíèå âûáðîñà 
ðàäèîàêòèâíîñòè çà ïðåäåëû ÃÎ. 
Äåéñòâóþùèå ÈËÀ íåäîñòàòî÷íî ÷åòêî 
îïèñûâàþò äåéñòâèÿ ïåðñîíàëà è 
ïðîìåæóòêè âðåìåíè, çà êîòîðûå 
íåîáõîäèìî âûïîëíèòü ýòè äåéñòâèÿ

– Îäíèì èç ðåçóëüòàòîâ ìîäåëèðîâàíèÿ 
àâàðèéíûõ ïîñëåäîâàòåëüíîñòåé ÿâëÿåòñÿ 
óòî÷íåíèå ïåðå÷åíÿ äåéñòâèé ïåðñîíàëà, 
êîòîðûå äîëæíû áûòü âûïîëíåíû ïðè 
òàêîì ÈÑÀ

� Ñíèæåíèå äàâëåíèÿ 1 êîíòóðà
– Äëÿ íåêîòîðûõ ÈÑÀ íåîáõîäèìî ñíèçèòü 

äàâëåíèå 1 êîíòóðà:

� áàéïàñîì ÏÊ ÊÎ;

� ñèñòåìîé àâàðèéíîãî ãàçîóäàëåíèÿ

– àíàëèçû ïðîâåäåííûå â ðàìêàõ ÂÀÁ 
îáåñïå÷èâàåò õîðîøóþ îñíîâó äëÿ ïîíèìàíèÿ 
îòâåòíîé ðåàêöèè ºíåðãîáëîêà, èíôîðìàöèþ 
ïî âðåìåííûì èíòåðâàëàì äëÿ íîâûõ ÈËÀÑ 

� Primary to secondary LOCA
– For primary to secondary LOCA it is 

important to limit primary coolant release to 
environment. The current EOP does not 
clearly describe the MCR operator actions 
and time windows, needed to perform the 
actions

– One of the results of accident sequence 
modeling  is list of operator actions, which 
could be performed as the response to 
equipment failure.

� Primary pressure decreasing
– There are several IEs requires to decrease 

the primary pressure during accident:

� by PORV bypass valve;

� by Emergency gas evacuation system.

– The PRA provides good basis for plant response 
understanding, information on parameters 
changes and time windows for new EOP 
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